A ssessment of nodal basins can provide important information on staging, local-regional management, and adjuvant therapy in women with breast cancer. Although up to 25% of lymphatic drainage of the breast is to the internal mammary (IM) nodes, 1,2 there is controversy over the benefit of IM node biopsy, as some studies suggest IM dissection does not improve survival.
sites were also searched for relevant abstracts. [6] [7] [8] Preset search terms included combinations of "breast reconstruction," "microsurgery," "internal mammary lymph node," "internal thoracic lymph node," "lymphatic drainage," "metastasis," "biopsy," "free flap," "DIEP," "GAP," "SIEA," and "TRAM/ msTRAM." Search dates included all years up to June 2014.
Selection Criteria
Eligibility criteria included free-flap breast reconstruction using IM recipient vessels and concurrent IM node biopsy. Exclusion criteria included nonmicrosurgical breast reconstruction and thoracodorsal recipient vessel use.
Data Collection and Analysis
All relevant data were collected including demographics, type of breast reconstruction, number of nodes biopsied, number of nodes positive for metastasis, any additional adjuvant therapy, and survival. The data were pooled, and simple statistical analysis was completed. A combined statistic of [x nodes positive]/[y patients] provided gross overall incidence of nodal positivity.
RESULTS
Search methods identified 24 potentially appropriate articles. Fourteen met exclusion criteria, leaving 10 articles to be included in the analysis (Fig. 2) . The 2 reviewers agreed on all selected articles.
Sample size ranged from 32 to 519 for a total of 2055 patients. Two of the included studies sampled 100% of the nodes encountered. The remaining 8 studies described sampling only those nodes that incited clinical suspicion. A total of 717 nodes were sampled and examined histologically (Table 1) .
Of the biopsied nodes, 59 had evidence of metastasis on examination for a gross overall incidence of 2.9%. The incidence of nodal positivity by total number of patients ranged from 1.2% to 10.7%. The incidence of nodal positivity by number of nodes sampled ranged from 3.1% to 23.1% (Table 1) .
We calculated a gross comparison between articles that sampled all nodes versus those that sampled only clinically suspicious nodes as an estimate of concordance between clinical suspicion and actual positivity ([x nodes positive]/[y nodes sampled]). When all nodes encountered were sampled, 4.0% were found to be positive. When only suspicious nodes were sampled, 10.4% had evidence of metastasis (Table 1) .
There were insufficient data on tumor type, stage, or biology for patients with IM nodal metastasis. Tumor location was also underreported. Axillary node status was reported for the majority of these patients, with 71% having axillary nodal metastasis (Table 2) .
Following the diagnosis of IM nodal metastasis, adjuvant therapy was given to the majority of these patients (50 of 59). Most received combinations of chemotherapy and radiotherapy, with or without hormonal therapy (Table 2) . In most cases, there was concurrent axillary node positivity and only 0.6% had treatment based solely on IM node positivity. Of those patients with IM nodal metastasis in whom survival was reported, 32 patients were alive at the time of publication of the corresponding articles. Nine patients had succumbed to disease, and the range of survival in this group was 23-55 months (Table 2) .
No complications were reported as a consequence of sampling the IM nodes.
DISCUSSION
Accurate staging plays an important role in treatment planning and has significant prognostic value in patients with breast cancer. 5, 19 Although an isolated IM metastasis is rare, it carries a similar prognostic importance to a positive axillary node, and when both basins are positive, there is a worse prognosis. 20, 21 Recent studies have shown an IM nodal metastasis rate of 1.8%. 22 This seems to be in concordance with our review which revealed a crude incidence of 2.9%.
This review found that 1 positive node was identified for every 10 nodes sampled due to clinical suspicion. When all nodes encountered were submitted to pathology, 1 metastasis was identified for every 25 nodes harvested. Potential indications for IM node biopsy in the immediate reconstruction setting include evidence of a "hot" IM node on lymphoscintigraphy or a blue node encountered on dissection. 23, 24 In such cases, management may be discussed with the mastectomy surgeon.
In this review, adjuvant therapy after breast reconstruction was reported in 50 of the 59 patients with a positive IM node. The majority of patients had systemic chemotherapy and/or radiotherapy (including to the IM nodal basin), with or without hormonal therapy. There are multiple factors that affect the choice of therapy, and the upstaging of a patient based on IM metastasis may or may not affect treatment should there be concomitant axillary nodal involvement. 25 In our review, 13 patients were axillary node negative (0.6%), and nodal status was based solely on IM nodes. Some guidelines suggest that IM nodal involvement alone warrants additional adjuvant chemotherapeutic treatment and IM chain irradiation. 26 These complex patients require discussion at multidisciplinary breast tumor board rounds as the management is not clearly defined.
Recent studies have provided evidence that localregional tumor control is associated with improvement in long-term survival. 21, 27, 28 Although these studies included treatment to the IM nodal basin, it is unclear how this additional therapy contributes to survival. 29 In the current review, roughly 80% of the breast reconstruction patients with positive IM nodes were alive at CT + RT (n = 9) LIQ (n = 1) CT + HT (n = 1) Central (n = 1) RT + HT (n = 1) CT alone (n = 2) RT alone (n = 6) HT alone (n = 2) No Tx (n = 0) the time of publication. Of those that succumbed to disease, survival ranged from 23 to 55 months. IM node metastasis without concurrent positive axillary nodes is rare. With an unknown effect on treatment or survival, routine biopsy of the internal mammary nodes may not be warranted. A prospective study looking at the impact of IM node biopsy on treatment would be beneficial.
